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L'invention coneerne un proofde* et un dispositif pour tuber un puits. nottmmcnt un puits dc forage pctroUcr, ou une canalisation tu 
moyen d'une prtfonne tubulain? couple, durcimbk in situ, avec introduction dc la prcformc dm lc puits ou dans ia canalisation a leui 
tongitudinalement rcplie, puis deptiement par goaftage hydraulique de U prtfonne et application de sa pazoi contrc ceilc du puns ou de la 
canalisation, et enfin durtissement de U preform* Conforoement 1 1 'invention. U preTorme (8) est mseree dans un founeau amovible (6) 
qui est rigide ou semi-rigidc en direction tengimdinaie, mail est dcformable radialement. et la mise en place de la prtfonne dans le puits 
ou Is canalisation se rait alors qu'eile est comenue dans son founeau (6). ce dernier etant sepaie de la prcformc et retirt du putts ou de la 
canalisation en fin d'opetation. Tubagc des puits et des canalisations, meme fortement devie*. noummcnt dam rindusthe petroiiere 
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PROCEDE ET DISPOSITIF POUR TUBER UN PUITS. NOTAMMENT 
UN PUITS DE FORAGE PETROLIER, OU UNE CANALISATION, 
AU MOYEN D'UNE PREFORME TUBULAIRE SOUPLE, 
DURC1SSABLE IN SITU 

La presente invention conceme un procctie pour tuber un puits. notammeni 
un puits de forage petrolier. ou une canalisation, telle qu'un gazoduc ou un oleoduc par 
exemple, au moyen d'une preforme tubulaire souple. durcissable injitu. par exemple 
thermodurcissable. 

L'invention concerne Element un dispositif permettant de mettre en 
oeuvreceprocedg. 

Dans la presente description, et dans les revendications, on entendra par Ic 
terme "tuber" I 'action de consider un puits. ou une canalisation, notammeni en vue de la 
reparer. en en revetant la paroi d'un tube rigide. encore appele tubage ou chemisage. 

Par le terme "preforme" on entendra une structure tubulaire qui est 
initiaiement souple et deformable et qui. une fois placee dans la zone du puits a consoli- 
der. est m.se en forme cylindrique. appliquee contre la paroi du puits ou de la canalisa- 
t.on. pu.s durcie pour se lier intimemem el a demeure a cette paroi. constituant ainsi le 
tubage ou chemisage. 

Pour 1c tubage d'un puits de forage pctrolier. ainsi que pour des applica- 
t.ons s.m.laires. il a deja ele propose des preforn.es tubulaires souples ct durcissables 
dcsimees a etre mises en place a Petal replie longitudinalement - etat dans lequel ellcs 
possedent un encombrement radial faible - puis a etre depliees radialement. par applica- 
uon d'un gonnage hydraulique interne. Selon cette technique, qui esi notammeni dccn.c 
dans les documents FR-A-2 662 207 et FR-A,2 668 241. la preforme possede. apres 
depliemenl (ou denotement) radial, une forme strictement cylindrique. de diametre bien 
determine. 

Un autre type de preforme connu. qui fait notamment I'objet de la 
demande de brevet Internationale W0-94/25655, au nom de la demanderesse. possede 
une structure tubulaire qui comprend un tressage de meches souples. composees dc 
fibres, qu, s'entrccrotsent avec un certain jeu. de sorte que la structure peut s expanscr 
rad.alement tout en se restreignant en direction axiale sous Teffet de Implication d'une 
surpression A I 'interieur de la preforme. 

Ainsi. I'expansion de la preforme peut se faire en deux eupes successes 
d abord par depliement. puis par expansion radiale ; on obtient a.nsi un degre' d ex- 
pans.on nettement superieur a ceux obtenus avec les preformes souples mentionnees plus 
haut. cc qui permet d'introduire la preforme dans le puits a tuber, et I'amener en la zone 
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souhaitee, en la faisaru traveler des ouvertures dc faiblc dimension, par exemplc des 
conduits rigides dijk en place dans le puits. ayant un plus petit diamfctre int&ieur. 

Celte technique connue est tits interessamc. dans la mesure ou die permet 
de toucher des perforations apparaissant dans un puits de production, sans qu'ii faille 
5 retirer le tubage dtjk en place, et par consequent sans "tucr le puits". 

U est appam ndanmoins des difficult^ pour mettre en oeuvre cette 
technique lorsque le puits est fortement d£vie, c'est-&-dire possfcde un axe formant un 
angle 6\cv6 par rapport k la verticals voire est horizontal. 

En effet, lorsque le puits est vertical, ou sensiblement vertical, la prtforme 
10 est naturcllcment rectiltgne (sous reffet de la gravitl) et elle descend rtgulifcrement dans le 
puits au cours de sa mise en place. Toutefois, elle risque d'etre endommagde par suite des 
frottements contre les parois du puits ou les dtfftfrentes restrictions se trouvant sur son 
passage. 

En outre, si le puits est d*vi*, ou prtsente des coudes. la prtforme se 
15 d6forme en raison de sa souplesse, et se posiuonne incorrectement dans 1'axe du puits, ce 
qui provoque des frottements, voire des risques de blocage au cours de son enfoncement. 

La mise en place de la prlforme dans un puits fortement devie ou 
horizontal est done delicate, et mcmc impossible dans ccrtaines configurations. 

L'inveniion vise k rdsoudre ce problfcme. en proposant un proeddd de 
20 tubage d un puits ou d une canalisation au moyen d'une prfforme tubulaire souplc. 
durcissable in situ , qui puisse dgalemenl s'appliquer sans proWtmes k des puits ou des 
canalisations non verticaux ou ayant une surface interieure risquant d'endommagcr la 
prdforme. 

Comme dans les proeddes connus, on introduit la prdforme dans le puits 
25 ou la canalisation k Fetal longitudinalement rcplil. puis - lorsqu'elle y a *te coiTeciement 
positionn£e - on la diplie par gonflage hydraulique pour lui donner une forme sensible- 
mcnt cylindrique. on Tapplique contre la paroi du puits ou de la canalisation, et on 
provoque le durcissement de sa paroi. 

Le proc&te qui fait I'objet de I' invention est remarquable par le fait 
30 qu'avant d'introduire la prdforme dans le puits ou la canalisation, on 1'instre (provisoire- 
ment) dans un fourreau amovible. qui est rigide ou semi-rigide en direction longitudinalc, 
mais est ddformable radialemenl, et qu'on met en place dans le puits ou la canalisation la 
prdforme contenue dans son fourreau, ce dernier dtant ensuite • en cours d 'operation - 
separl de la prdforme puis - en fin d'opdration retird du puits ou de la canalisation. 
35 La pr^forme se trouve done prisonnifere du fourreau. et soutenue par lui, 

durant toutc la phase de sa descente dans le puits ou la canalisation. Ainsi cette descente 
se fait sans difficult^, mcmc si Ic puits ou la canalisation est fortement 66vi6. voire 



WO 96/21083 



PCT/FR9S/01631 



15 



horizontal, ou prtscntc u„ e surface de paroi risquanl d'abimer la preforme. De preference 
lc fourreau presente une certaine llexibilite. qui autorise des parcours courbes ou coudes 
Dans un mode preTeremiel du precede, on insere la preforme paniellemem 
dans le fourreau, de telle sorte que son extremite libre ressorte de eelui-ci sur une certaine 
longueur. 

Dans ce cas. dans un premier temps on deplie radialement uniquement la 
poruon de preforme qui depasse du fourreau. et on I 'applique contre la paroi du puits ou 
de la canal,sa.ion pour obtenir une zone d'ancragc. apres quoi on extrait lc fourreau par 
traction vers I 'arriere (e'est-a-dire vers la sortie du puits). 

H*,.~ , ^ prOCM<S ' ap P ,i< ' uc P articuli ^™entbienaune preforme qu,. apres 
^vdrTiquc " m,SC e " TOme C>,indriqUC ' CSt MpanSib,C P" gonfiage 

Dans ce cas. la desolidarisation de la preforme par rapport au fourreau 
s opere avantageusemenl par suite du depliement radial de la portion de la preforme 
contenue dans le fourreau. aprts quoi s'operent successive, le retrait du fourreau et 
I expansion radiale de cette meme portion. 

^invention concerne egalement un dispositif pour tuber un puits 
notamment un puits de forage petrolier. ou une cana.isa.ion. au moyen d'une preforme 
utbu latre soup.e. dont la paroi est thermodurcissab.e in.shu. cette preforme etant 

^ e r n l C 50115 ' ^ d ' Une h *™ Vu *»< inte ™ - <*» -pile 

longiludinalement et un etat deplie sensiblement cylindrique. 

Ce dispositif est remarquable par le fail qu'il comporte un equipment de 
pose dc la preforme. monte a r«xiremilc d'une tige de commande « ub u.aire destines a etrc 

25 co^r 3 " 5 ,C PUUS ^ " CanaHSati0n dCpuis Unc dc P*«. «t equ.pement 

a) un outillage de pose et de controlc ponant la preforme. apte a foumir a 
celle-c, le fluide hydrau.ique sous pression necessaire a son depliement. et. le cas 
echeant. a son expansion radiale. ainsi que I'energie thermique necessaire au durcisse- 
ment de sa paroi ; 

b) un fourreau amovible solidaire de I'extremite de la tige. a I'in.ericur 
duquel est enserree au moins paniel.ement la preforme. et qui est rigide ou semi-rigidc en 
direct™ longitudinale. mais est deformable radialement de sone qu'il peu. «tre retire de la 
prelorme lorsquc celle-ci se trouve a 1'etot d<plie\ 

Par ailleurs. selon un certain nombre de caractdristiques additionnelles 
avantageuses. non limitaUves dc I 'invention : 

ordfor™ ' ^l™™" am ° Vib,C U " tUbC fCndU ' ap,C ° s ' ouvrir P°«" ''bercr 
prcf orme au cours de son depliement ; 
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- la prf forme est solidaire (Tun manchon intdrieur arrachable, radialement 
expansible par gonflage hydraulique, k Ptnttrieur duquel est introduit le liquide hydrauli- 
que fourni par Poutillage de pose et de conir6le el servant k dfplier la preforme, cc 
manchon *tant dlgonfl* et sfparf de la prfforme, en fin d operation, puis retirf du puits 

5 ou dc la canalisation en meme temps que Poutillage et le founeau ; 

- la prfforme est thermodurcissable et, son chauffage est rfalisf par effet 

Joule, par Pintermddiairt d'un cfiNe dlectrique dfformable, ce dernier flam stock* sous 

un faible encombrement dans une douille qui est interpose entre Pextrf mit£ de la tige de 

commande et Poutiliage et est solidaire dudit fourreau amoviWe ; 

10 - ce cable a une longueur scnsiblement dgale * celle de la prfforme mise en 

place ; 

- la prfforme est dfpliable et radialement extensible ; 

- la prfforme comprend un tressage de mfcehes souples s'entrecroisant 
avec un certain jeu, de telle sorte quelle peut s'expanser radialement tout en se restrei- 

15 gnant en direction axiale, le matdriau constitutifde la prf forme 6tant une rfsinc pol ym^risa- 
ble k chaud. dans laquelle est noyf ledit tressage ; 

- le manchon intdrieur attachable, radialement expansible, comprend 
<*galement (comme la prfforme) un tressage de mfcehes souples entrecroisfes aptes k 
s'expanser radialfement lout en se restreignant en direction axiile, et qui sont emprison- 

20 nees entre des peaux intfrieure et extfrieure souples, certaines desditcs mfeches *tant 
remplacf es par des fils conducteurs d'£lcctncit£. aptes k chauffer la prfforme par effet 
Joule, qui sont connectds dectriqucment audit cable. 

D'autres caractgristiques et avantages de Pinvention apparaitront de la 
description et des dessins annexes qui en reprfsentent un mode de realisation preferentiel. 

25 Sur les figures : 

- la figure 1 est une vue g*n*rale schdmatique d'unc installation dc tubage 
mettant en oeuvre le proc&fc de Pinvention ; 

- la figure 2 est une vue gdndrale, particllement couple, dc P*qutpemem de 
pose dc la prfforme ; 

30 " ,a figure 3 reprfsente un tressage de mfcehes souples entrccroisees, 

constitutives de la structure de la preforme et du manchon qui scrt k Pexpansion de la 
preforme ; 

• la figure 4 est une coupe transversalc schf matique du manchon et de la 
preforme k P£tat longitudinalement replies : 

35 ■ " ,a f >g urc est une vue analogue k la fi gure 4. reprfsentam Pensemble a 

I'&atdeplie; 
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- la figure 4B est une vue analogue aux figures 4 et 4A. representam 
lensembleareuudeplidetradiaiementexpanse; cP'esentam 

- la figure 5 est une vue schematique. en coupe longitudinale dc 
I ensemble consume par la prtforme et son manchon interieur arrachablc ; 

5 - la figure 6 est un detail a plus grande echelle de la zone de la paroi de la 

preforme et du manchon qui est referencee VI a la figure 5 ; 

- les figures 7. 8. 9. 10, 12, 13, 14 et 15 sont des vues schemauques 
s,m, aires a la figure 2, destinees a il.ustrer les differentes etapes successi ves de «a mise 
en place d'un tubage dans un puits de forage petrolier conformant a Invention a 

10 J'aidede retaliation de la figure 1; "mention.. 

- les figures 1 1 et 1 1 A sont des coupes transversales correspondant 
respecuvement au plan de coupe X I de la figure 7 et XI A de la figure 10. ces vues etant 
destine* a il.ustrer ,a facon don. la preforme se d&olidame de son fourreau iorsqu'elle 
passederetatreplieartftatc>'lindrique. 

15 n,, , , A '"^^'^^^^^^nceP la paroi d'un pui^de forage 
^Cer. dont unc zone C doit etre tubee : la para C est par exemple une canalisation 
perforee. Pour y acaJder il faut passer dans une restriction R. 

•-'installation de tubage. generalement designee par la reference 1 
comprend. de maniere connue. une tete de puits ,2. une tige de cdmmande flexible et' 
ubulaire 13 comportant un cable clectrique interieur. un manchon de guidage 1 1 de cettc 
ugc - couramment a PP .,e "sas" - c« un disposuif ,0 servant a pousser .a tige 13 dans ,e 
sas 11 el dans le puits P. 

de nose d, , L * r eXtrtmil ' ' ibre dC ,a Uge de Commande 13 ™ P°»» "c d' Un equ.pement 
de pose d la preforme. reference 2. Ce, equ.pement es, constitue essentie.lemen, d'une 

loTl , r *' SO " da,rc ^ d ' Un ° U,iUa?e * *~ « * -nude 3 

loge dans .e fourreau. e, accole a la douille 4. et d'une preforme souple 8 destinec a etre 
mise en place dans le puits pour le consolider. 

U preforme 8 est portee par un manchon expanseur interieur arrachable 9 
V 'die entoure comme cela es, deja connu par le WO-94/2S555 deja dtf et. comme ce«a 
sera d&n, plus loin en reference notamment aux figures 5 e, 6. L'ensemble preforme 8 / 
manchon interieur 9. initialement coherent, est reference 7. 

L'ensemble 7 est enserrc dans le fourreau 6. et retenu par friction a 

35 1 T Cetlt friC,i ° n maint,CM rOUU » a ^ 3 H*** P* - face 

35 amere.contre la douille 4. 

k «, C " enSCmWC 7 ° b,Urd 3 565 f»r des bouchons 92 Lc 
bouchon 92 toume vers I 'arriere. c'cst-a-dire vers ,a sortie du puits. est traverse par ^ 
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conduit 30 qui le relte a l*outillage 3. Ce dernier comprcnd des moyens aptes a refouler a 
rint^rieur du manchon. via le conduit 30, un fluide sous-pression fourni au dtsposilif 
depuis la surface. c*est-a-dire depuis la tSte de puits 12 au moycn de la tigc dc commande 
tubulaire 13, ou par pompage du liquide du puits grace a un dispositif de pompage 
5 contenu dans Pouiillage 3. 

Par ailleurs, ('installation comprend un cable clectrique 5, qui passe dans 
la tige tubulaire 13, et est connected eTectriquement a 1 -outillage 3, par rintermldiaire dun 
rfble souple 50. Ce dernier est cnroulc* ou replid sur lui-mcme. pour presenter un faible 
encombrement, et il est log* dans une cavit* formant receptacle pr*vue dans la douille 4. 

10 Les cables 5 et 50 servent a alimenter en clectricit*, via I 'outillage 3, 

1'ensemble preTorme - manchon expanseur intc~rieur, afin d'y gcncrer par effet Joule la 
chaleur necessaire au durcissement de la paroi de la preTorme, comme cela sera expliquc* 
plus loin, ainsi qu'a fournir 1'fnergie de pompage de Poutillage 3 et d'alimenier tous les 
systemes de contrcMe necessaires equipant cet outillage. 

15 Bien entendu, le courant Clectrique est fourni depuis la surface, a partir 

d'un generateur situ* a 1'exteneur du puits, relie* au cSble 5 aprcs sa sonie du dispositif 
10. 

Comme on le voit sur la figure 2, Tensemble 7 constitue* par le manchon 9 
et la preTorme 8 n'est pas complement insure* a I'intlrieur du founrcau 6. 
20 On a design* par la reference 71 la portion de cet ensemble qui se trouve a 

I'intfrieur du fourreau, et par la rcTcrence 70 la portion depassante. extcneure au 
foun-eau. 

La partie extcneure a unc longueur Lo sensiblement plus peiite que la 
longueur L| dc la parlie int*rieure 71. A cet *gard, tl convient de remarquer que cette 
25 partie 71 a 6i6 raccourrie artinciellement sur le dessin (figure 2), pour ne pas en affectcr la 
I i situ lite. 

A litre tndicatif, la longueur Lo est de I 'onto de lm, la longueur L, de 
Tordre de 10 a 30m, et la longueur L 2 , qui correspond au reste de l'dquipcment (douille 
4 et outillage 3), de I'ordre de 4m. 

30 Comme on le voit sur la figure 11, le founeau 6 est une envcloppc 

tubulaire cylindrique fendue, c*est-a-dire incompletement fcrmee. Cette enveloppc, 
rdalisdc par excmple en mc*ta] ou en matiere plastique, posscde une certainc ngiditc" 
longitudinalc, mais est facilement deTorroable radialement dans le sens de son ouv enure, 
comme on le comprend aislment a la simple comparison des figures 11 et 11 A. 

35 Da ns "ne variante, on pourrait relier les bords en regard de la feme dc 

Tenvcloppe par des attaches pouvant se rompre facilement au-dcla d'un certain seuil de 
prcssion interne. 
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De preference, Tenveloppe est relativemeni flexible ce qui lui pennet loul 
en rigidifiant convenablement rensemble 7 en direction axiale. de sui vre des trajecioircs 
non rcctilignes (coudes et courbes), par deformation latcrale. 

Dans Texeniple illustre aux figures 3 a 6. la preforme 8 et Ic manchon 
inteneur 9 possedent tous deux une structure similaire. composee d'un tressage de fibres 
souplcs cmrecroisees tel que celui decrit dans le document WO-94/25655 precitc. 

Au besoin on pourra se reporter a cette publication, dont on considered 
qu elle fait partie de la presente description pour I'interpretation de I 'Article L.6 12-5 ler 
alinea. du Code de la Propri&e Intellectuelle. 

On rappelera. en reference a la figure 3, que les meches souples sont 
repart.es en deux series 700a et 700b entrelacdes. formant une structure tubulaire 
deTormable. 

La structure peut 6tre repliee longitudinalement, puis - sous I'effet d'une 
presston interne - etre "mise au rood", c'est-a-dire conformed en cylindre par depliement. 

Si elle est ensuite soumise a une pression interne plus elevee. on observe 
un defacement relatif des deux series de meches. ce qui en.raTne simultanement une 
expansion radiale et un raccourcissement longitudinal de la structure. 

Les meches souples sont formces de fibres ayant une bonne resistance 
mccamquc a la traction, par cxemple de fibres dc carbone ou de verre. et jouent le rdle 
d armature deformable pour la preforme et/ou pour le manchon expanseur de ta preforme. 

Les figures 4. 4A et 4B representent respectivemenl Tensemble 7 a Petal 
rephe long.tudinalement. pour presenter une dimension transversale faible. ce mfimc 
ensemble - reference T - mis au rond. de diametre D,. et enfin ce mdme ensemb.e 
- reference T • a I'etat radialement expanse, de diametre D 2 sensiblement superieur a D, . 

Le diametre et I 'expansibilite radiale de la preforme sont choisis pour que 
D 2 corresponde au diametre de la zone & tuber. 

Comme le montrent les figures 5 et 6. la preTorme tubulaire souple 8 
possede une paroi 82. en matifcre initialement fluide. dans laquelle sont novees des 
structures tubulaires concentriques tressdes 700. La matiere Huide est une resinc 
symheuque. thermodurcissable par polymerisation a chaud. La preforme est pourvue 
d une peau exterieure 80 presentant une face exteme munie de depressions 801 e, dc 
rel,efe802 q U , favorisent son ancrage conlre la paroi du puits et ameliorent I'etancheite. 

U manchon inteneur arrachable 9. qui est appele "matrice" dans le WO- 
94/25655 deja cite, possede une peau interieure 91 et une peau exterieure 90. toutes deux 
en matenau souple et elastique. entre lesquels se trouvent la structure deformable trcssee 
700. L mterfacc entre la peau externe du manchon et la paroi interieure 91 de la preforme 
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8 est traits, par exemple par enduction dc silicone, pour qu'il y ait peu d'adherence entrc 
ces deux parties. 

La preTorme 8 entoure intimement le manchon intc*ricur 9qui t comme deji 
dit, est obturc* & ses deux extrlmites, de maniere eTanche, par des bouchons 92. Le 
5 manchon 9 est fixe* & la prcTonne 8 au moyen de manchettes d'extrlmitl 93, qui 
posscdent des zones affaiblies 94, susceptible* de se rompre facilement L'introduction 
d'un fluide hydraulique & Tint^rieur du manchon, en vue de son gonflage et - correlative- 
ment du gonflage de la preTorme - se fait, comme dej& dit, par une tubulure 30 qui 
dfbouche dans le manchon et une ou plusieurs ouvertures 300 de passage du fluide. 
10 L'outillage 3 comporte une ou plusieurs vannes appropriees, pouvant etre 

comrnandees depuis la surface, permettant d'effectuer le gonflage et ie dcgonflage du 
manchon, en contrOlant la pression durant Pop^ration, ou un dispositif de pom page 
realisant la meme fonction au moyen du liquide du puits. 

Certaincs des mcches 700 du manchon sont remplacdes par des conduc- 
ts teurs dlectriques (His chauffants) relics dlectriquement au cSble SO. Ainsi, le chauffage du 
manchon intdrieur et, correlati vement, de la prdforme peut etre commands aussi depuis la 
surface, par alimentation dicctrique des cables S et SO. 

Nous allons maimenant ddcrire une operation de mise en place de la 
pre forme 8 dans une zone C du puits. 
20 L'enscmble 7 formd par la prdforme et le manchon se trouve a I 'dial replid 

longitudinalcment, tel que celui reprdsentd aux figures 4 et 1 1. Dans cet dtat, il sanserif 
dans un cylindre de diametre Do correspondant sensiblement au diametre intdrieur de 
Tcnveloppe fendue 6 (voir figure 1 1). 

Ce diametre Do est plus petit que le diametre des diffdrents conduits ou 
25 autres restrictions R situds dans le puits, en arriere de la zone k tuber. 

Comme ddjfr dit. seule une partie dc longueur rdduite, en ^occurrence la 
panic 70, de Tcnsemble 7 d 6 passe du fourreau 6. Par consequent, la prdforme est 
soutenuc sur la plus grande panie de sa longueur et possede (avec son fourreau) une 
rigiditc suffisante pour autonser sa progression rdguliere & Pinterieur du puits, meme si 
30 ecl ui-ci est total ement ou en partie ddvid. 

La tele de pose 2. el !a preTorme, vont done €tre poussees par la lige de 
comrnandc 13 dans le puits. et s'y enfoncer progressivement, comme cela est symbolise" 
par la Heche F aux figures 7 et 8. La tige creuse 13, de preference en acier, possede une 
bonne rigidite axiale, qui lui permet de pousser sans probleme la tetc 2 dans le puits. 
35 Neanmoins elle est suffisamment flexible pour suivre les coudes ou autres courbures du 
puits. 
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35 



La paroi du puits ou de la canalisation C presente en une ccnaine zone des 
perforauons. oa autre, ouvenures O. qu'on se propose de recouvrir par ,e tubagH es T 
a-dire par la preforme polymerisee. ' 

^^ d ' enfonw,a ^2danslepuits,lo«quelapaniedepassante70 
5 ^vejuaeau-delades^^ 

nenn^M m ° yC,>S * W**- connus »i. *°nt prevus. qui 

permeUentdertalisercebonpositionnemenL q 

Par gonflage hydraulique interne, la partie depassante 70. et cette parue 

SIS ^ d ' ab ° fd m ' Se a " ^ PUiS *"* rad ' a — • P - FX 
AametreDj.qu. correspond audiametreimerieurdu puits. 

Different* moyens peuvent etre prevus pour que le depigment et 
! expanse radiale se fassent prioritaitemem sur la ponion 7a 

Ainsi. par exemple. il est possible d'entourer la partie 71 par des liens 
15 „„u,a,res don, „ ^.stance mc canique «, suffisantc ^ ^ ^ 

cette PoruonsousracUond'unepressioninteme modern m ais toutefois sufLTpl! 
provoquerladeformauondelaponionlibre70. "samepour 

a™, h r ° n 0btiem 100118 dC 13 P 0 ^ 0 " 70 contre « a ^ ^ puits en 

avani des perforations O (voir figure 9). • 

a „ nu iv L ' au f """"a"™ * la pression de gonnage provoque la rupture des liens 

figure ,7 POr "° n C Prtf0rme ,aqUe " e Pr£nd ». ^oir 

Par suite de ce depliement. le fourreau fendu 6 s ouvre ct prend unc 
> configuration en forme geni rale de U , rffirencee 6' a la figure 1 1 A. 

II reste solidaire, par son extrfmit* amere, de la douille 4 

Dans cette configuration, le fourreau est facilemem extractible et oeut 

parlafieche Galafigure 12 s'accompagned'unemise sous traction de la paniedc cable 

du foam,, , ^ ^ """ ,en$i ° n a " nplte dU ^ 50 au "trai, comple, 

lrr t r r ^ CaWe *** *~ —P-*e i la longueur du 
•ubage. Le retnut se fa,« faci.ement. car ,a preforme est ancrce dans le puits 

Preforme o ^ ^ T " * * ** COm P«*— < retire de la 

prtforme o augmente ,a pression de gonflage. pour provoquer .'expansion radialc 
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Touic la preTorme vicnt alorc s'appliquer intimement contre la paroi du 
puits C, en recouvrant les perforations O. 

De maniere connuc. toui en maintcnant le manchon sous gonflage 
hydraulique, on provoque alore la polymerisation par effet Joule de la rdsine consiiiuanc 
5 ta preTorme, par alimentation electrique des His chauffants prtvus dans le manchon. 

A I * issue de la polymerisation, on dlgonfie le manchon 9, qui se separe de 
la preTorme durcie - devenue tubage 8 a - par rupture des manchettes 93 (figure 14). 

On effectue ensuite une nouvellc traction G 9 sur la tige 13, laquelle est 
toujours solidaire de la douille 4 et du fourreau ouvert 6 f ainsi que, par Pimermediaire du 
10 cable tendu 50, sur I , outillage 3 el le manchon degonflc* 9 (voir figure 15). 

L'ensemble peut 6tre ainsi retire* du puits. 

Diffe'rentes formes de fourceaux rigidificateurs amovibles pourraient £tre 
prdvucs ; ce fourreau doit *ire d'une bonne rigidity longitudtnale tout en posscdam la 
souplesse ne*cessaine a son passage dans un sas non rectiligne. II doit s'ouvrir facilemcnt 
15 pour libeTer la preTorme et son 6paisseur doit *tre faible pour limiter son cncombrement 
radial. 

Par ailleurs il doit pouvoir se refermer lors de son passage a iravers les 
restrictions R en vue de son enlevement, grace a une forme appropriee, par exemple 
tegeremcnt conique. 

20 Le diametre et Taptitude a la dilatation radiale de la preTorme et, correlau ve- 

ment, du fourreau seront choisis en fonction des conditions reellcment rencontrees, et en 
particulier du diametre de la zone de puits a tuber. A titre indicatif. et non limitatif, la 
dimension diamcTrale D 0 de la preTorme a Te*tai replied pourra etre dc I'ordre de 60 a 
100mm. son diametre D x "mis au rond" sera de I'ordre de 90 a 150mm, et son diametre 

25 D 2 a TeTatexpansS sera de I'ordre de 170a 220mrn. 

La technique qui fail I'objet de la presente invention s'applique avantageu- 
sement a une preTorme souple a la fois depliable et radialement expansible ; on ne sortiraii 
toutefois pas du cadre de {'invention en 1'appliquanl a des preTormes simplcment 
ddpliables. mais non cxtensibles telles que celles de*crites par exemple dans les documents 

30 FR-A-2 662 207 et FR-A-2 668 241 deja citds. 

La polymerisation de la preTorme n'est pas obligatoirement faitc par effet 
Joule. Elle pourrait itrt obtenue par d'autrcs moyens de chauffage, en paniculier par 
introduction dun liquide chaud dans la preTorme, ce liquide pouvam du reste etre lc 
meme que celui qui sen a la gonfler. 

35 La portion d'extr£mit£ libre de la preTorme, destinee a real is er son ancrage 

initial, pourrait avoir une dcTormabilite* plus grande que le reste de sa paroi, par exemple 
par adoption d une 6paisseur de paroi plus faible ou du choix d'une maticre differente. 
Cect permcttrait de s'affranchir des liens de contention donl il a 6\6 fait 6tat plus haut. 
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REVEND1CAT1QNS 



1 . Precede pour tuber un puits. notamment un puits de forage petrolier. 
ou une canalisation, au moyen d'une preforme tubulaire souple. durcissable in situ , selon 
lequel on introduit la preforme dans le puits ou la canalisation a Petal longitudinalement 
replie. puis - lorsqu'elle y a etc correctement positionnee - on la deplie par gonflage 
hydraulique pour lui donner une forme sensiblement cylindrique. on Papplique centre la 
paioi du puits ou de la canal isation et on provoque le durcissement de sa paroi. caiacterise 
par le fait qu'avam d'introduire la preforme (8) dans le puits ou la canalisation, on 
1'insere dans un fourreau amovible (6). qui est rigide ou semi-rigide en direction 
longitudinale. mais est deformable radialement. et qu'on met en place dans le puits ou la 
canalisation la preforme (8) contenue dans son fourreau (6). ce dernier etant ensuite 
srfpare de la preforme (8) et retire du puits ou de la canalisation. 

2. Precede selon la revendication 1 , caracterise par le fait que la preforme 
(8) est inseree paniellement dans le fourreau (6) de telle sorte que son extremite libre 
ressone de celui-ci sur une certaine longueur (L©). 

3 . Proceae selon la revendicauon 2. caracterise par le fait que dans un 
premier temps on deplie radialement uniquement la portion de preforme qui depasse du 
fourreau (6). et on Tapplique centre la paroi du puits ou de la canalisation, pour obtenir 
une zone d-ancragc. apres quoi on extrait le fourreau (6) par tracuon (G) vers 1'arriere. 

4 . Proeede selon I 'une des revendications 1 a 3, caracterise par le fail 
qu'on utilise une preforme (8) qui. apres depliement radial, et mise en forme cylindrique. 
est expansible radialement par gonflage hydraulique. 

5 . Procedc selon la revendicauon 4. caracterise par le fait que la dcsolidari- 
sation de la preforme (8) par rapport au fourreau (6) s'opcre par suite du depliement 
radial de la portion de la preforme contenue dans le fourreau (6). apres quoi soperent 
successivement ranachement du fourreau (6) et Texpansion radiale de ladite portion dc 
preforme. 

6 . Dispositifpour tuber un puits. notamment un puits de forage pltrolicr, 
ou une canalisation au moyen d une preforme tubulaire souple. doni la paroi est 
thermodurcissable jnsitu. cette preforme etant radialement deformable sous Teffet d'unc 
pression hydraulique interne entre un etat replie longitudinalement et un etat deplid 
sensiblement cylindrique. caracterise par le fait qu'il comporte un equipement (2) de pose 
dc la preforme (8). montc a Textremite d'une tige de commande tubulaire ( 13) destinee a 
fitre introduce dans le puits (P) ou dans la canalisation depuis une tete de puits (12). cet 
Equipement comprenanl : 
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a) un outiilage de pose et de contrdle (3) portant la preTorme (8), apte k 
fournir k celle-ci Ic flutde hydrauiique sous pression necessaire k son ddplicmcnt, ei 
I Anergic thenniquc necessaire au durcissemeni dc sa paroi ; 

b) un fourrcau amovible (6) solidairc dc rextreTnitS dc la tigc (13). k 
5 I *int* ricur duqucl est enserrte au moins partieilement la preTorme (8), ct qui est rigidc ou 

semi-rigide en direction longitudinals mais est deTormable radialement de sorte qu'il peut 
etre retire" de la prfforme (8) lorequc celle-ci se trouve k I *€ tat depli*. 

7. Dispositif selon la revendication 6, caractensd par le fait que ledil 
fourrcau amovible (6) est un tube fendu, apte k s'ouvrir pour libc*rer la preTorme (8) au 
10 couis de son ctepliemenL 

8 • Dispositif selon fune des revendications 6 ou 7, caracteris* par le fait 
que la preTorme (8) est solidairc d'un manchon intlrieur arrachable, radialement 
expansible, (9), 5 ITnterieur duquel est introduit le liquide hydrauiique rourni par 
Poutillage de tubage (3) ct servant k deplier la preTorme (8), ce manchon (9) 6tant 

15 d^gonfl* et s6par£ de la preTorme (8) en fin d*ope*ration, puis retire* du puits ou de la 
canalisation en memc temps que Toutillage (3) et le fourrcau (6). 

9 . Dispositif selon Tune des revendications 6 & 8, caractertse par le fait 
que la preTorme (8) est thermodurrissablc, son chauffage etam realise* par effet Joule par 
rintermediaire d'un cable electrique deTormable (50), ce dernier eTant stocke sous un 

20 faiblc encombrement dans une douilie (4) qui est inteiposcc entre rextrdmite* de la lige de 
commande ( 13) el Poutillage (3) et est solidairc dudit fourrcau amovible (6). 

10. Dispositif selon la revendication 9, caractirisc* par le fait que ledit 
cable (50) a une longueur sensiblement egale k celle de la preTorme (8*) mise en place. 

.11. Dispositif scion la revendication 10, caracterise* par le fail que la 
25 preTorme (8) est datable ct radialement extensible. 

12* Dispositif scion la revendication 1 1, caracterise' par le fait que la 
preTorme (8) comprend un tressage de meches souples (700) s'entrecroisant avee un 
certain jeu, dc telle sorte qu'elle peut s'cxpanser radialement lout en se restreignant en 
direction axiale, le rnatcTiau conslitutif de la preTorme £tant une rcsine (82) polymerisablc 
30 k chaud, dans laquelle est novc* ledit tressage (700). 

13^ Dispositif selon les revendications 8 k 12 prises en combinaison, 
caracterise par le fait que ledit manchon (9) comprend egalement un tressage de meches 
souples entrccroisCcs (700) aptes k s'expanser radialement tout en se restreignant en 
direction axialc* ct qui sont emprisonnees entre des peaux intCrieure (90) et exterieure 
35 (91) souples, certaines desditcs meches &ant remplacees par des fils conducteurs 
d 'dlcctricite aptes k chauffer la preTorme par effet Joule, qui sont connected dlectriquement 
audit cable (50). 



WOK/21083 



FCT/FR93/01651 




WO 96/21083 



PCT/FKS5/01651 



2/4 




WO 96/21083 



PCT/FR95/0I651 



FIG.7 



3/4 




FIG.9 0 



6 50 4 13 5 




FIG. 10 



70 71 e 




WO 96/21083 



PCT/FR93/01651 



4/4 



FIG. 12 




FIG. 15 



INTERNATIONAL SEARCH REPORT 



I bwrmat»» .ppbttsoA No 

PCT/FR 95/01651 



A. CLASSIFICATION OF SUBJECT MATTER ~~~~ 

IPC 6 K1B43/19 E21B29/10 E21B33/127 E21B36/04 
F16L55/162 



E21B17/0O 



Account «> to*raa»ooal Patent O— fitaacn HPQ of » boQi naoonal 



cfasBficaaon and IPC 



ft FIELDS SEARCHED 
Mimrtum 



IPC 6 



masnaa lurched f-— nftniwwi 

E21B F16L 



(oilowvd by duai 



» &n imotoM to fee tatnl that audi doevmna an included m the MA 



C. DOCUMENTS CO VS ID Eft ED TO BE RELEVANT 



Category 



CiUkon of oocumcx*. w« 



appropriate, of On ickvam pasagn 



Rdrvant to dun No. 



W0.A.94 25655 (DRILLFLEX) 10 Noverter 1994 
cited in the application 
see page 16. line 18 - page 11. line 6; 
figures 10-100 

see page 11, line 7 - line 8 

FR.A.2 662 287 (NOBILEAU) 22 Noventer 1991 
cited in the application 
see abstract 

FR.A.2 668 241 (NOBILEAU) 24 April 1992 
cited in the application 
see abstract 

US.A.4 191 493 (HANSSON) 4 March 1980 
see column 3 t line 21 - line 25 



1.6 



1.6 



1.6 



1.6 



□ 



j of homC 



0 ^i-dyrnoobcnM.taw, 



dcBvag tn gtacrai bum of the art «t«d» u oot 
tiob.of| Wr *cUarfd««oca — 



n*raa«oetal filing date 
the appticaoon but 



atafto* or other iptod ram <a» apaafitd) 
*°* *ww rrfmwg *> u ord OmSoson, uat, oMoanor 




Date of the aoual < 



17 April 1996 



I lo lAvotw an ii 

rtfcontom _ 

» bctftf otmous id a penoa abUeo 

r of the tana patant tartly 



OaaBofmaakngofOMi 



24.04.1996 



Same and maiUng address of the ISA 

European Paacm OfBoc P.B. Sill Patanttaaa 2 
NL . 23» MV Rip*,* <i 

rar(*J|.70) JatVJOi* 



Sogno, M 



INTERNATIONAL SEARCH REPORT 

[nforn-nan ■» pucM lm\y monboi 


(BtETMSOB' TyrfKt>OP NO 

PCT/FR 95/01651 


Paicot document 
cited in mrch rrpor i 


Publication 
dttc 


Psuat family 
mcmbcf^f J 


Pubbc&tian 
<Utc 


WO-A-9425655 10-11-94 FR-A- 2704898 10-11-94 



AU-B- 6660194 21-11-94 

CA-A- 2162035 10-11-94 

EP-A- 0698136 28-02-96 

N0-A- 954299 07-12-95 



FR-A-2662207 


22-11-91 


AU-B- 


7962691 


10-12-91 






CA-C- 


2083156 


19-03-96 






EP-A- 


0527932 


24-02-93 






W0-A- 


9118180 


28-11-91 






US-A- 


5337823 


16-08-94 


FR-A-2668241 


24-04-92 


AU-B- 


7962691 


10-12-91 






CA-C- 


2083156 


19-03-96 






EP-A- 


0527932 


24-02-93 






W0-A- 


9118180 


28-11-91 






0S-A- 


5337823 


16-08-94 



US-A-4191493 04-03-80 NONE 



RAPPORT DE RECHERCHE INTERNATIONALE 



No 



PCT/FR 95/01651 



Vlldl/m K1B29/1 ° E21B36/04 E21B17/00 



a DOMAINS SUR LESQOEU LA RECHERCHE A FORTE " 



cTbT"" ETlB* °F16T i ''" m ' * tUlII&ti000 *" t,mboto * ""^o" 



i ~r lo^aa, , pan, „ PWKrtl€ 





MENTS CONSIDERES COMME PCRTIVEVTS 


na do rtvautemtorts **r% I 


A 

A 
A 
A 


W0.A.94 25655 (ORILLFLEX) 10 Novenfcre 1994 
cit* dans la demande 

voir page 10. ligne 18 - page 11. ligne 6; 
figures 10-100 

voir page 11, ligne 7 - ligne 8 

FR.A.2 662 207 (NOB ILEAL!) 22 Novenfcre 1991 
cit6 dans la demande 

voir abrfigS I 

FR.A.2 668 241 (N0BILEAU) 24 Avril 1992 
cit6 dans la demande 
voir abregS 

US.A.4 191 493 (HANSSON) 4 Mars 1980 
voir colonne 3. ligne 21 - ligne 25 


1.6 1 

1.6 
1.6 
1.6 




» « tn*«tats « nam 1 


c«wk«cw«p«»nili4««f«^m Mttow patm*. n£T at* poor u •nncot 
*E* document uttrmu, man putrtt* A U 4*m <ftt dtptt mtms&onal «J U ^am cwwmiMl libnuti fiiroww, ^ ^ 
... r -X- d»c^ p«K»^m«« pen***; , m M 1 

pnoou om ott pour drtmtmf u «, p£*M&tm fwm p«r report u daewztax coca** iS5S* 


17 Avril 1996 


2 4.04.96 


Norn et adraw pasult dc 1 adniMisroon chi/^rt * U itdml intonroauU 

NL ■ 2210 MV Rjnwiil 

Tel. < - 31-70) HO-2040. Ti. Jl 451 cpo nf, 

Fwc(OMO) MO-IOI* 


Koncooofuirt «vtoruc I 

Sogno, M 



RAPPORT DE RECHERCHE INTERNATIONALE 

Ha 



PCT/FR 95/01651 



Document brtvci out 
»u rapport o> rt chcrcfa c 



Due dt 

pubhc&Uon 



Monbrati) dt U 
fmsSUt <k bm«(i) 



Du d> 

pubkcaiion 



W0-A-9425655 



10-11-94 



FR-A- 
AU-B- 
CA-A- 
EP-A- 
N0-A- 



2704898 
6660194 
2162035 
0698136 
954299 



10-11-94 
21-11-94 
10-11-94 
28-02-96 
07-12-95 



FR-A-2662207 


22-11-91 


AU-B- 


7962691 


10-12-91 






CA-C- 


2083156 


19-03-96 






EP-A- 


0527932 


24-02-93 






W0-A- 


9118180 


28-11-91 






US-A- 


5337823 


16-08-94 


FR-A-2668241 


24-04-92 


AU-B- 


7962691 


10-12-91 






CA-C- 


2083156 


19-03-96 






EP-A- 


0527932 


24-02-93 






W0-A- 


9118180 


28-11-91 






US-A- 


5337823 


16-08-94 


US-A-4191493 


04-03-80 


AUCUN 







IfW) 



PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE TERMS OF THE 
PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification*: 

E21B 43/10, 29/10. 33/127, 36/04, 17/00. 
F16L 55/162 



A1 



(1 1 ) International Publication No. WO 96/21 083 

(43) Date of International Publication: 11 July 1996 (07.11.96) 



(21) International Application Number PCT/FR95/01651 

(22) International Filing Date: 12 DEC 1995 (12.12.95) 

(30) Priority Information: 

94/16032 29 DEC 1994 (12.29.94) FR 

(71) Applicant (for ait designated countries except US): 
DRILLFLEX (FR/FR); ZAC des Monts Gaultier, 29. 
rue Lavoisier, F-35230 Chatillon-sur-Seiche (FR). 

(72) Inventors; and 

(75) Inventors/Applicants (US only): LEIGHTON. James 
(GB/FR); 50, boulevard Jacques-Cartier, F-35650 Le 
Rheu (FR). SALTEL, Jean-Louis (FR/FR); 12. avenue 
de la Motte, F-35650 Le Rheu (FR). 

(74) Attorney: LEFAOU, Daniel; Regimbeau Law Offices, 
Centre d'Affaires Patton, 11, rue Franz-Heller, P.O. 
Box 19107. F-35019 Rennes Cedex 7 (FR). 



(81) Designated Countries: GB, US, European patent 
(AT. BE, CH. DE, DK. ES, FR. GB. GR. IE, IT. LU. 
MC. NL, FT. SE) 



Published: 



With international search report. 



(54) Title: METHOD and device for casing a WELL, particularly an oil well bore or a pipe, using an in situ curable 

FLEXIBLE TUBULAR PREFORM 

(57) Abstract: 



[see original for English] 



FOR INFORMATION ONLY 



Codes used to identify the States that are party to the PCT t on the cover pages of 
brochures publishing international applications in virtue of the PCT. 

[countries mentioned on cover page] 

GB = United Kingdom 

US = United States of America 

AT = Austria 

BE = Belgium 

CH = Switzerland 

DE = Germany 

DK = Denmark 

ES = Spain 

FR = France 

GR = Greece 

IE = Ireland 

IT = Italy 

LU = Luxemburg 

MC = Monaco 

NL = The Netherlands 

PT = Portugal 

SE = Sweden 



WO 96/21083 



1 



PCT/FR95/01651 



METHOD AND DEVICE FOR CASING A WELL, 
PARTICULARLY AN OIL WELL BORE OR A PIPE, 
USING AN IN SITU CURABLE FLEXIBLE TUBULAR PREFORM 

The present invention concerns a method for casing a well, particularly an oil well bore or 
a pipe, such as a gas pipeline or an oil pipe line for example, using a flexible tubular preform that 
is curable in situ , for example by thermosetting. 

The invention also concerns a device that enables this method to be implemented. 

In the present description and in the claims, the term "casing" will be understood as being 
the action of strengthening a well, or a pipe, particularly for repairing it, and by lining the wall of a 
rigid tube, also called lining or cured-in-place pipe. 

The term "preform* is understood as being a tubular structure that is initially flexible and 
deformable which, once placed in the area of the well to be strengthened, is made cylindrical in 
shape, applied against the wall of the well or pipe, then hardened so that it binds closely to and 
remains on said wall, thus comprising the lining or cured-in-place pipe. 

For casing an oil well bore, as well as for similar applications, flexible curable preforms 
have already been proposed that are intended to be installed when longitudinally folded - a 
condition in which they take up a small amount of space radially - then are radially unfolded by 
application of an internal hydraulic inflation. According to this technique, which in particular is 
described in the documents FR-A-2 662 207 and FR-A-2 668 241, the preform has a strictly 
cylindrical shape of specifically determined diameter after being radially unfolded (or deployed). 

Another known type of preform, which is the subject of the international patent application 
WO-94/25655, in the name of the applicant, has a tubular structure of braided flexible strands, 
composed of fibers, which are interlaced with a certain spacing so that the structure can be 
expanded radially while being restricted in the axial direction by the effect of the application of an 
overpressure inside the preform. 

Thus, the expansion of the preform can be done in two successive stages, first by 
unfolding, then by radial expansion. In this way a degree of expansion is achieved that is clearly 
greater than those obtained with the above-mentioned flexible preforms, which allows the preform 
to be inserted into the well to be cased, and to take it to the desired area 
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by making it pass through small openings, for example rigid conduits already in place in the well 
and that have a smaller inside diameter. 

This known technique is very attractive in that it makes it possible to plug holes that 
appear in a production well, without having to withdraw the casing already in place, and 
consequently without "killing the well." 

However, there are difficulties in implementing this technique when the well is highly 
deviated, that is, it has an axis forming a sharp angle to the vertical, and can even be horizontal. 

Indeed, when the well is vertical, or appreciably vertical, the preform is naturally 
rectilinear (under the effect of gravity) and it descends steadily down the well while it is being 
installed. However, it risks being damaged by friction against the walls of the well or from the 
various restrictions found in the passage. 

Moreover, if the well is deviated or has elbows, the preform is deformed because of its 
flexibility, and it is positioned incorrectly in the axis of the well, which causes friction and even risk 
of blockage when it is being sunk. 

The installation of a preform in a highly deviated or horizontal well is therefore awkward, 
and even impossible in certain configurations. 

The invention intends to solve this problem by proposing a method and device for casing 
a well or a pipe, using an in situ curable flexible tubular preform that can also be applied with no 
problem to non-vertical wells or pipes or those that have an interior surface that could risk 
damaging the preform. 

As with known methods, the preform is inserted into the well or pipe in the longitudinally 
folded condition. Then, when it has been properly positioned, it is inflated hydraulically to give it 
an appreciably cylindrical form, it is applied against the wall of the well or the pipe, and its wall is 
cured. 

The method according to the invention is notable in that, prior to inserting the preform into 
the well or pipe, it is inserted (temporarily) into a removable sleeve that is rigid or semi-rigid in the 
longitudinal direction, but is radially deformabie, and the preform contained in its sleeve is placed 
inside the well or pipe, said sleeve then, during the operation, being separated from the preform, 
and at the end of the operation, being removed from the well or pipe. 

The preform is therefore enclosed in the sleeve during the entire phase of the descent 
into the well or pipe. Thus, this descent is done without difficulty, even if the well or pipe is highly 
deviated, or even 
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horizontal, or has a wall surface that risks ruining the preform. Preferably, the sleeve has a 
certain flexibility that enables it to follow curved or elbowed routes. 

In one preferential mode of the method, the preform is partially inserted into the sleeve so 
that its free end emerges from the sleeve a certain distance. 

In this case, at first only the portion of preform protruding from the sleeve is radially 
unfolded and applied against the wall of the well or pipe to obtain an anchoring area, after which 
the sleeve is extracted by drawing it back (that is. toward the well head). 

This method applies particularly well to a preform which, after being radially unfolded and 
given a cylindrical shape, is radially expandable by hydraulic inflation. 

In this case, the separation of the preform from the sleeve is performed advantageously 
after the radial unfolding of the portion of the preform contained in the sleeve, after which the 
withdrawal of the sleeve and the radial expansion of this same portion are performed 
successively. 

The invention also concerns a device for casing a well, particularly an oil well bore or a 
pipe, using a flexible tubular preform, the wall of which is thermosetting in situ , this preform being 
radially deformable under the effect of internal hydraulic pressure between a longitudinally folded 
condition and an appreciably cylindrical unfolded condition. 

This device is notable in that it has equipment for installing the preform, mounted at the 
end of a tubular control shaft intended to be inserted into the well or the pipe from a wellhead, this 
equipment being composed of: 

a) an installation and control tool carrying the preform, suitable for providing the preform 
with the pressurized hydraulic fluid needed for its unfolding, and when applicable, its radial 
expansion, as well as the thermal energy needed for the thermosetting of its wall; 

b) a removable sleeve integral with the end of the shaft, inside which the preform is at 
least partially confined, and which is rigid or semi-rigid in the longitudinal direction, but is radially 
deformable so that it can be withdrawn from the preform when the latter is in its unfolded 
condition. 

Moreover, according a number of additional advantageous, non-limiting characteristics of 
the invention: 

- the removable sleeve is a split tube, capable of opening to release the preform during 
its unfolding; 
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- the preform is integral with an interior extractable sleeve tube, radially expandable by 
hydraulic inflation, inside which is introduced the hydraulic liquid furnished by the installing and 
control tool and serving to unfold the preform, this sleeve tube being deflated and separated from 
the preform at the end of the operation, then removed from the well or pipe at the same time as 
the tool and the sleeve; 

- the preform is thermosetting and is heated by the Joule effect, by means of a 
deformable electrical cable that is stored in a small space in a shell that is interposed between the 
end of the control shaft and the tool and is integral with said removable sleeve; 

- this cable has a length that is appreciably equal to that of the installed preform; 

- the preform is unfoldable and radially extendable; 

- the preform has a braiding of flexible strands that are interlaced with a certain spacing, 
in such way that the preform can be radially expanded while being restricted in the axial direction, 
the material comprising the preform being a heat-curable resin in which said braiding is 
embedded; 

- the extractable interior sleeve tube, radially expandable, also (like the preform) has a 
braiding of interlaced flexible strands that can be radially expanded while being restricted in the 
axial direction, and which are enclosed between flexible interior and exterior skins, some of said 
strands being replaced by electrical conducting wires - that can heat the preform by the Joule 
effect - which are electrically connected to said cable. 

Other characteristics and advantages of the invention will appear from the description 
and the attached drawings that represent a preferential embodiment thereof. 
In the Figures: 

- Figure 1 is an overall diagrammatic view of a casing installation implementing the 
method of the invention; 

- Figure 2 is an overall view, in partial cross section, of the equipment for installing the 
preform; 

- Figure 3 represents a braiding of interlaced flexible strands that comprise the structure 
of the preform and of the sleeve tube that is used for the expansion of the preform; 

- Figure 4 is a diagrammatic transverse cross section of the sleeve tube and of the 
preform in the longitudinally folded condition; 

- Figure 4A is a similar view to Figure 4, representing the assembly in the unfolded 
condition; 
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- Figure 4B is a view similar to Figures 4 and 4A, representing the assembly in the 
unfolded and radially expanded condition; 

- Figure 5 is a diagrammatic view, in longitudinal cross section, of the assembly 
composed of the preform and its extractable interior sleeve tube; 

- Figure 6 is a larger scale detail of the area of the wall of the preform and of the sleeve 
tube that is referenced as VI in Figure 5; 

- Figures 7. 8, 9. 10. 12, 13. 14 and 15 are diagrammatic views similar to Figure 2. 
intended to illustrate the different successive stages of the installation of a casing in an oil well 
bore according to the invention, by means of the installation of Figure 1; 

- Figures 11 and 11A are transverse cross sections corresponding respectively to the 
cross section plane XI of Figure 7 and XIA of Figure 10. these views being intended to illustrate 
the way in which the preform is separated from its sleeve when it changes from the folded 
condition to the cylindrical condition. 

In Figure 1. the reference P designates the wall of an oil well bore, one section C of 
which must be cased; the wall C is for example a perforated bore. To access it, the restriction R 
must be passed through. 

The installation of casing, generally designated by reference 1. includes in a known way 
a wellhead 12. a flexible tubular control shaft 13 having an interior electrical cable, a guide sleeve 
tube 11 for this shaft, and a device 10 used to push the shaft 13 into the guide sleeve tube 11 and 
into the well P. 

The free end of the control shaft 13 is provided with preform installing equipment, 
referenced 2. This equipment is composed essentially of a cylindrical shell 4 attached to the free 
end of the shaft 13. a stiffener sleeve 6 coaxial to the shell 4 and integral therewith, an installation 
and control tool 3 housed in the sleeve and attached to the shell 4. and a flexible preform 8 
intended to be installed in the well in order to strengthen it. 

The preform 8 is carried by an extractable interior expander sleeve tube 9. which the 
preform encloses, as is already known by WO-94/25655 as cited above and as will be described 
further on in reference particularty to Figures 5 and 6. The preform 8/interior sleeve tube 9 
assembly, initially coherent, is referenced as 7. 

The assembly 7 is enclosed in the sleeve 6 and held therein by friction. This friction also 
holds the tool 3, which is applied by its rear face against the shell 4. 

This assembly 7 is closed at its ends by plugs 92. The plug 92 oriented toward the rear, 
that is toward the wellhead, has a 
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conduit 30 passing through it which is connected to the tool 3. This tool has means capable of 
forcing back inside the sleeve tube, via the conduit 30, a pressurized fluid supplied to the device 
from the surface, that is, from the wellhead 12 by means of the tubular control shaft 13, or by 
pumping the liquid from the well by a pumping device contained in the tool 3. 

Moreover, the facility has an electric cable 5 which passes into the tubular shaft 13 and is 
electrically connected to the tool 3 by a flexible cable 50. The latter is wound or folded so that it 
takes up little space, and it is housed in a cavity formed in the shell 4. 

The cables 5 and 50 are used to supply electricity, via the tool 3, to the preform - interior 
expander sleeve tube assembly, in order to generate by the Joule effect the heat required for 
curing the wall of the preform, as will be explained further on, as well as to furnish the pumping 
energy for the tool 3 and to supply all of the necessary control systems equipping this tool. 

Of course, the electrical current is supplied from the surface, by a generator situated 
outside the well, connected to the cable 5 after it exits the device 10. 

As can be seen in Figure 2, the assembly 7 composed of the sleeve tube 9 and the 
preform 8, is not completely inserted inside the sleeve 6. 

The reference 71 designates the portion of this assembly that is located inside the sleeve, 
and reference 70 designates the portion that protrudes outside the sleeve. 

The external part has a length L 0 that is appreciably smaller than the length L, of the 
interior part 71. In that respect, it should be noted that this part 71 has been artificially 
foreshortened in the drawing (Figure 2), in order not to affect the legibility. 

By way of example, the length U is on the order of 1 meter, the length on the order of 
10 to 30 meters, and the length L 2 , which corresponds to the rest of the equipment (shell 4 and 
tool 3), on the order of 4 meters. 

As can be seen in Figure 1 1. the sleeve 6 is a cylindrical tubular jacket that is split, that is, 
not completely closed. This jacket, which for example can be made from metal or plastic, has a 
certain longitudinal rigidity, but is easily defonmable radially in the direction of its opening, as can 
be easily understood by comparing the Figures 1 1 and 1 1 A. 

In one variation, the edges facing the split of the jacket can be joined by fasteners that 
can break easily when a certain threshold of internal pressure is exceeded. 
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Preferably, the jacket is relatively flexible, thus allowing it to follow non-rectyinear paths 
(elbows and curves) by lateral deformation, while still advantageously stiffening the assembly 7 in 
the axial direction. 

In the example illustrated in Figures 3 to 6, the preform 8 and the interior sleeve tube 9 
both have a similar structure, composed of braided flexible interlaced strands as described in the 
above-mentioned document WO-94/25655. 

If needed, reference can be made to this publication, which shall be considered to make 
up part of this description by interpretation of Article L612-5, 1st paragraph, of the Intellectual 
Property Code. 

It will be seen, in referring to Figure 3, that the flexible strands are distributed in two 
interlaced series 700a and 700b, forming a deformable tubular structure. 

The structure can be folded longitudinally, then - under the effect of an internal pressure 
- "made round," that is, formed into a cylinder by unfolding. 

If it is then subjected to a higher internal pressure, a relative displacement is observed of 
both series of strands, which simultaneously results in a radial expansion and longitudinal 
shortening of the structure. 

The flexible strands are formed from fibers having good mechanical tensile strength, for 
example carbon or glass fibers, and they act as deformable reinforcement for the preform and/or 
for the preform's expander sleeve tube. 

Figures 4, 4A and 4B represent respectively the assembly 7 in the longitudinally folded 
condition in order to have a small transverse dimension, this same assembly - referenced 7 - 
made round with diameter D,, and finally this same assembly - referenced 7" - in the radially 
expanded condition with diameter D 2 appreciably greater than D 1a 

The diameter and the radial expandability of the preform are chosen so that D 2 
corresponds to the diameter of the area to be cased. 

As Figures 5 and 6 show, the flexible tubular preform 8 has a wall 82, made of a material 
that is initially fluid, in which braided concentric tubular structures 700 are embedded. The fluid 
material is a synthetic resin that is thermosetting by the heat-cure method. The preform is 
provided with an external skin 80 having an exterior face furnished with depressions 801 and 
reliefs 802 which promote its anchoring against the wall of the well and improve the seal. 

The extractable interior sleeve tube 9, which is called "matrix" in the above-mentioned 
WO-94/25655, has an interior skin 91 and an exterior skin 90, both of which are made of a. 
flexible and elastic material, between which the braided deformable structure 700 is located. The 
interface between the external skin of the sleeve tube and the interior wall 91 of the preform 8 
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is treated, for example by coating with silicone, so that there is little adherence between these two 
parts. 

The preform 8 closely surrounds the internal sleeve tube 9 which, as already mentioned, 
is sealably closed at both ends by plugs 92. The sleeve tube 9 is attached to the preform 8 by 
means of end collars 93, which have weakened areas 94 that can break easily. The introduction 
of a hydraulic fluid into the sleeve tube in order to inflate it - and correctively to inflate the 
preform - is accomplished, as was already mentioned, by tubing 30 the end of which opens into 
the sleeve tube and one or more fluid passage openings 300. 

The tool 3 has one or more suitable valves that can be controlled from the surface, 
making it possible to inflate and deflate the sleeve tube by controlling the pressure during the 
operation, or a pumping device performing the same function by means of the well liquid. 

Some of the strands 700 of the sleeve tube are replaced by electrical conductors (heating 
wires) electrically connected to the cable 50. Thus, the heating of the internal sleeve tube, and 
correlativeiy of the preform, can also be controlled from the surface by electrical supply of the 
cables 5 and 50. 

We shall now describe an operation to install the preform 8 in a section C of the well. 

The assembly 7 formed by the preform and the sleeve tube is in the longitudinally folded 
condition, as represented in Figures 4 and 11. In this condition, it represents a cylinder with a 
diameter D 0 that appreciably corresponds to the inside diameter of the split jacket 6 (see Figure 
11). 

This diameter D 0 is smaller than the diameter of the different conduits or other 
restrictions R located in the well, behind the area to be cased. 

As was already mentioned, only one part of the reduced length, in this instance the 
part 70, of the assembly 7 protrudes from the sleeve 6. As a result, the preform is supported for 
most of its length and it has (with its sleeve) sufficient rigidity to allow it to progress steadily inside 
the well, even if the well is totally or partially deviated. 

The installation head 2, and the preform, are therefore going to be pushed by the control 
shaft 13 in the well, pushing in progressively as symbolized by the arrow F in Figures 7 and 8. 
The hollow shaft 13, preferably of steel, has good axial rigidity which allows it to push the head 2 
in the well with no problem. However, it is sufficiently flexible to follow the elbows or other curves 
of the well. 

The wall of the well or pipe C has a certain area of perforations, or other openings O, that 
are to be covered by the casing, that is, the cured preform. 

The pushing of the head 2 into the well is stopped when the protruding part 70 reaches 
just beyond the openings O, which position corresponds to the one illustrated in Figure 8. 

Appropriate means of control, known in the art, are provided in order to accomplish this 
proper positioning. 
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By internal hydraulic inflation, the protruding part 70, and only this part, is first rounded 
out, then radially expanded to the diameter D 2 . which corresponds to the inside diameter of the 
well. 

Different means can be provided in order for the unfolding and radial expansion to be 
accomplished first on the portion 70. 

Thus, for example, it is possible to enclose the pari 71 by ring-shaped . ties the 
mechanical strength of which is sufficient to prevent the unfolding of this portion under the action 
of a moderate internal pressure, but still sufficient to cause the deformation of the free portion 70. 

Thus an anchoring is obtained of the portion 70 against the wall of the well, in front of the 
perforations O (see Figure 9). 

Increasing the inflation pressure causes the breakage of the ring-shaped ties that contain 
the portion 71. Thus, a radial unfolding and rounding of the preform portion 71 is achieved, which 
has a diameter (see Figure 10). 

Following this unfolding, the split sleeve 6 opens and takes a generally U-shaped 
configuration, referenced as 6' in Figure 11 A. 

It remains integral, by its rear extremity, with the shell 4. 

In this configuration, the sleeve is easily extractable and can slide on the rounded 
preform by pulling it backwards. This pulling, symbolized by the arrow G in Figure 12, is 
accompanied by placing the part 50 of the cable under tension. 

The complete tensioning of the cable 50 corresponds to the complete withdrawal of the 
sleeve, the length of the cable being chosen to correspond to the length of the casing. The 
withdrawal is done easily because the preform is anchored in the well. 

Once the deformed sleeve 6' has been, completely removed from the preform, the 
inflation pressure is increased to cause the complete radial expansion of the assembly 7. which 
assumes the diameter D 2 (Figure 1 3), while becoming shorter axially. 
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The whole of the preform is then applied closely against the wall of the well C, covering 
the perforations O. 

In a known way, while maintaining the sleeve tube under hydraulic inflation, the Joule 
effect is used to cure the resin the preform is made of. by supplying electricity to the heating wires 
provided in the sleeve tube. 

Upon completion of the curing, the sleeve tube 9 is deflated and separated from the 
hardened preform - which has become casing 8' - by breaking the collars 93 (Figure 14). 

New tension 6* is then placed on the shaft 13, which is always integral with the shell 4 
and the open sleeve 6' so that, by means of the tightened cable 50 on the tool 3 and the deflated 
sleeve tube 9 (see Figure 15). 

The assembly can thus be removed from the well. 

Different forms of removable stiffener sleeves could be provided; this sleeve should have 
good longitudinal rigidity while having the necessary flexibility for passing through a non- 
rectilinear chamber. It must open easily to release the preform, and its thickness must be small to 
limit the amount of radial space it requires. 

Moreover, it must be able to close up during its passage through the restrictions R in 
order to remove them, due to an appropriate shape, for example slightly conical. 

The diameter and the suitability for radial expansion of the preform, and correlatively of 
the sleeve, will be chosen based on the conditions actually encountered, and in particular on the 
diameter of the area of the well to be cased. By way of non-limiting example. 'the diameter D, of 
the preform when folded may be on the order of 60 to 100 mm. its "rounded" diameter D, will be 
on the order of 90 to 150 mm. and its expanded diameter D 2 will be on the order of 170 to 220 
mm. 

The technique covered by the present invention is applied advantageously to a flexible 
preform that can be both unfolded and radially expanded; however, it would not be beyond the 
scope of the invention to apply it to preforms that can simply be unfolded but can not be 
expanded, such as those described, for example, in the above-mentioned documents 
FR-A-2 662 207 and FR-A-2 668 241 . 

The curing of the preform is not necessarily done by the Joule effect. This could be 
achieved by other heating means, in particularly by introducing a hot liquid into the preform. This 
liquid could be the remainder of the liquid used to inflate. 

The portion of the free end of the preform, intended to provide for its initial anchoring, 
could have a greater deformability than the rest of its wall, for example by adopting a lesser wall 
thickness or choosing a different material. This would make it possible to release the ties 
mentioned above. 



WO 96/21083 



11 



PCT/FR95/01651 



CLAIMS 

1. Method for casing a well, particularly an oil well bore or a pipe, using an in situ curable 
flexible tubular preform, according to which the preform is introduced into the well or pipe In the 
longitudinally folded condition, then - when it has been properly positioned - it is inflated 

5 hydraulically to give it an appreciably cylindrical form, it is applied against the wall of the well or 
the pipe, and its wall is cured, characterized by the fact that prior to inserting the preform (8) into 
the well or the pipe, it is inserted into a removable sleeve (6) that is rigid or semi-rigid in the 
longitudinal direction but is radially deformable. and the preform (8) contained in its sleeve (6) is 
placed inside the well or pipe, said sleeve (6) then being separated from the preform (8). and 
1 0 removed from the well or pipe. 

2. Method according to claim 1, characterized by the fact that the preform (8) is partially 
inserted into the sleeve (6) so that its free end emerges therefrom a certain distance (U). 

3. Method according to claim 2. characterized by the fact that at first only the portion of 
preform protruding from the sleeve (6) is radially unfolded and applied against the wall of the well 

1 5 or pipe to obtain an anchoring area, after which the sleeve (6) is extracted by drawing (G) it back. 

4. Method according to any of claims 1 to 3. characterized by the fact that a preform (8) is 
used that, after being radially unfolded and given a cylindrical shape, is radially expandable by 
hydraulic inflation. 

5. Method according to claim 4. characterized by the fact that the separation of the 
20 preform (8) from the sleeve (6) is performed after the radial unfolding of the portion of the preform 

contained in the sleeve (6). after which the stripping of the sleeve (6) and the radial expansion of 
this same portion of the preform are performed successively. 

6. Device for casing a well, particularly an oil well bore or a pipe using a flexible tubular 
preform the wall of which is thermosetting insjtu. this preform being radially deformable under the 

25 effect of internal hydraulic pressure between a longitudinally folded condition and an appreciably 
cylindrical unfolded condition, characterized by the fact that it has equipment (2) for installing the 
preform (8). mounted at the end of a tubular control shaft (13) intended to be inserted into the well 
(P) or the pipe from a wellhead (12). this equipment being composed of: 
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a) an installation and control tool (3) carrying the preform (8). suitable for providing the 
preform with the pressurized hydraulic fluid needed for its unfolding and the thermal energy 
needed for the thermosetting of its wall; 

b) a removable sleeve (6) integral with the end of the shaft (13), inside which the preform 
(8) is at least partially confined, and which is rigid or semi-rigid in the longitudinal direction, but is 
radially deformable so that it can be withdrawn from the preform (8) when the latter is in its 
unfolded condition. 

7. Device according to claim 6, characterized by the fact that the removable sleeve (6) is 
a split tube, capable of opening to release the preform (8) during its unfolding. 

8. Device according to either of claims 6 or 7, characterized by the fact that the preform 
(8) is integral with an interior extractable radially expandable sleeve tube (9), inside which is 
introduced the hydraulic liquid furnished by the casing tool (3) and serving to unfold the preform 
(8). this sleeve tube (9) being deflated and separated from the preform (8) at the end of the 
operation, then removed from the well or pipe at the same time as the tool (3) and the sleeve (6). 

9. Device according to any of claims 6 to 8, characterized by the fact that the preform (8) 
is thermosetting and is heated by the Joule effect, by means of a deformable electrical cable (50) 
that is stored in a small space in a shell (4) that is interposed between the end of the control shaft 
(13) and the tool (3) and is integral with said removable sleeve (6). 

10. Device according to claim 9. characterized by the fact that the cable (50) has a length 
that is appreciably equal to that of the installed preform (8"). 

11. Device according to claim 10. characterized by the fact that the preform (8) is 
unfoldable and radially extendable. 

12. Device according to claim 11. characterized by the fact that the preform (8) has a 
braiding (700) of flexible strands that are interlaced with a certain spacing, in such way that the 
preform (8) can be radially expanded while being restricted in the axial direction, the material 
comprising the preform being a heat-curable resin (82) in which said braiding (700) is embedded. 

13. Device according to claims 8 to 12 taken in combination, characterized by the fact 
that the said sleeve tube (9) also has a braiding (700) of interlaced flexible strands that can be 
radially expanded while being restricted in the axial direction, and which are enclosed between 
flexible interior (90) and exterior (91) skins, some of said strands being replaced by electrical 
conducting wires that can heat the preform by the Joule effect, which are electrically connected to 
said cable (50). 



[see original for figures] 
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